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ABSTRACT
The purpose of this study was to compare surface electromy-
ography (EMG) activation levels of selected neck muscles for
two common neck-training modalities (Thera-Band and Cybex).
Seventeen asymptomatic subjects (eight men and nine women)
with a mean age 23.4 years were recruited. EMG activation
normalized to maximal voluntary isometric contraction (MVIC)
was measured with subjects performing exercises with green,
blue, and black Thera-Bands and 50%, 70%, and 90% of 3RM
for the Cybex modality. Four variables were used to depict
exercise intensity: average and peak EMG activation in the
concentric and eccentric phases. Significant differences (P #
0.05) in EMG activation were evident when comparing
intensities of the Cybex modality with each other and when
comparing the Cybex intensities with Thera-Band intensities in
most cases. Minimal differences were found among differing
intensities of Thera-Band. Thera-Band exercise resulted in low-
level EMG activation (range, flexion 3.8–15.7% MVIC; range,
extension 20.2–34.8% MVIC); therefore, such exercise may be
useful in rehabilitation programs. Cybex exercise (range, flexion
20.9–83.5% MVIC; range, extension 40.6–95.8% MVIC) may
be useful for occupation-related injury prevention. However,
exercise prescription should be undertaken with care as the
mechanical loading on passive spinal structures is unknown.
KEY WORDS Thera-Band, Cybex, strength, rehabilitation,
intensity
INTRODUCTION
N
eck pain is common inmodern society, and there
are high associated costs to national health
systems (2,4,8). Employees in static and semi-
static work (for example, dentistry, sewing
machine, and computer operation) are known to be
predisposed to neck pain, and these individuals show
decreased levels of neck muscle strength (10,32). Further, it
has been suggested that high-performance combat pilots
who are routinely exposed to moderate to high gravitational
forces require increased neck muscle strength to stabilize the
head and to prevent neck injury in flight (1,5,11).
Performing specific neck conditioning exercises is known
to increase neck muscle strength and endurance (1,3,6,7,9,
20,38,39). Two common exercise modalities used to increase
neck muscle strength may include isotonic pin-loaded
machines and elastic resistance devices. Devices such as
the Cybex (Cybex International, Medway, MA) can readily
alter exercise intensity through adjusting a pin-loaded stack.
Furthermore, Thera-Band latex tubing (Hygenic Corpora-
tion, Akron, OH) is available as color-coded bands of varying
thicknesses, therefore theoretically providing different resis-
tances and altering exercise intensity. Previous research has
examined the differing resistances provided by various grades
of Thera-Bands (24,34), and there seems to be subtle differ-
ences in resistive force among the color-coded bands, but the
exact difference in force is dependent on factors such as
starting length, level of strain, rate of loading, and the particular
joint the Thera-Band is being used to strengthen (14,31,34).
Although the above-mentioned modalities are commonly
used, there is little empirical evidence available on how
changes in exercise intensity actually affect neck muscle
activation. Such information is required to aid program design
so that improvements in neck muscle strength can be
optimized. In particular, considerations such as contraction
direction, sex, and baseline strength levels are important
considerations in designing a strengthening program. The
magnitude of neck strength is known to be direction depen-
dent; for example, it has been found that cervical muscle
strength in extension is greater than that found in flexion
(1,3,18,29,37). Furthermore, there are gender differences in
neck strength (25,35,37) that can be explained by the rela-
tionship between muscle cross-sectional area and strength
(15,27,36). Surface electromyography (EMG) has been pre-
viously used to quantify muscle activity during exercises in
other parts of the body (16,19,21,22,33). Surface EMG is the
preferred method of examining the muscular function of
the neck, as invasive techniques such as indwelling or needle
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EMG have an inherent risk involved, especially around the
anterior structures of the neck.
Therefore, the aim of this study was to examine changes in
neck muscle activation using surface EMG in two commonly
used neckmuscle trainingmodalities (Cybex and Thera-Band
tubing) with differing intensity in asymptomatic individuals.
There were two hypotheses generated for this study. First,
there would be differences in neck muscle activation between
the Cybex and Thera-Band training modalities. Second, there
would be differences in neckmuscle activation among relative
intensities within the Cybex modality but that no differences
in neck activation would exist among the various grades of
Thera-Band tubing.
METHODS
Experimental Approach to the Problem
To determine whether differences existed in neck muscle
activation among and within different neck-strengthening
modalities (Cybex and Thera-Band), a mixed model design
was adopted. For the Cybex modality, the exercise intensities
selected were 50%, 70%, and 90% of 3 repetitions maximum
(3RM), and green, blue, and black grades of Thera-Band
tubing (Hygienic Corporation, Akron, OH) were chosen.
These relative intensities were examined as they are typically
used in strengthening programs; therefore, a reasonable span
of intensities was represented. We did not attempt to match
exercise intensities between the different modalities.
Subjects
Seventeen subjects (eightmen andninewomen) [mean6 (SD)
age 23.46 5.1 years, height 171.76 9.7 cm, and weight 71.36
14.7 kg] were recruited for this study. Exclusion criteria as
proposed by Sommerich and associates (32) were adopted for
this study. Subjects were also excluded if they had previously
undertaken neck strength training. Ethical approval for the
study was obtained from the Edith Cowan University human
research ethics subcommittee before data collection.
Procedures
Subjects undertook testing on two different days. On day 1,
subjects attended a familiarization and neck strength testing
session during which the experimental protocol was ex-
plained, and submaximal contractions in neck flexion, exten-
sion, and right lateral bending were performed using both the
Cybex and Thera-Band training modalities. To provide rela-
tive exercise intensities for the Cybex modality during EMG
testing, subjects undertook a 3RM test (23) in each of the
three directions (flexion, extension, and lateral bending).
The second day of testing was conducted within 1 week of
the first session. Before testing, a warm-up consisting of two
sets of 12 repetitions of unloaded contractions in each of the
three directions was performed, and subjects then stretched
their neck musculature. A maximal voluntary isometric
contraction (MVIC) in each of the testing directions was
then performed for the purposes of EMG data normalization.
To obtain the MVIC, all exercises were performed against
a fixed-length wire cable attached to the head harness and
a stable post of a testing platform. Subjects started with their
head in a neutral position, then performed the MVIC with
verbal encouragement in the given direction for 5 seconds.
Each exercise was repeated three times, with the first MVIC
from each contraction direction being discarded, as recom-
mended by Sommerich et al. (32). A 3-minute rest was given
between each of the normalization contractions.
Three different exercise intensities were performed using
the Cybex and Thera-Band modalities. For the Cybex, the
exercise intensities were 50%, 70%, and 90% of 3RM; the
exercise intensities for the Thera-Band modality were green,
blue, and black Thera-Band tubing (Green T-B, Blue T-B, and
Black T-B, respectively). Subjects were seated in a customized
high-backed chair fitted with adjustable waist and shoulder
straps to secure the torso firmly and to ensure the neck was
isolated for both modalities. A customized testing platform
consisting of a metal frame and rigid post was constructed to
allow the attachment of the Thera-Band for the exercises and
the cable for the MVICs.
For each training modality and exercise intensity, subjects
performed two contractions in flexion, extension, and right
lateral bending, with the speed of contraction set at a count of
one-two for the concentric phase and three-four for the
eccentric phase. To identify the concentric and eccentric
phases of each exercise in later analysis, a motion analysis
system was used to track a retroreflective marker placed on
the head. Contraction direction and intensity were random-
ized within each modality. To avoid excessive fatigue, 2
minutes’ rest were given between each trial.
Thera-Band tubing (70 cm resting length) was attached to
an adjustable head harness via shackles, which in turn was
attached to the post of the testing platform. To attach the
Thera-Band to the subject, a head harness was worn. Subjects
wore a latex swimming cap tominimize any slippage between
the harness and the subject’s head. The length that the Thera-
Band was stretched during testing was an important
consideration to control, as increased length of the Thera-
Band would result in increased resistance to overcome. The
initial length of the Thera-Band was controlled in each trial;
however, range of motion varied slightly among subjects. The
approximate strain that the Thera-Band was under at the end
point of the concentric phase of each exercise was 50%.
Data Acquisition
Synchronized EMG and head kinematic data were collected
using EVA7.0 (Motion Analysis Company, Santa Rosa, CA).
Raw EMG signals were collected at 1000 Hz and were
amplified using a Grass amplifier system (Grass Instrument
Co., Warwick, RI) (bandpass frequency 10–450 Hz; input
impedance,5kV). Ag-AgCl 2.53 7.6-cm disposable surface
electrodes (Uni-Patch, Wasbasha, MN) with a conducting gel
(Tac Gel, Newark, NJ) were placed in a bipolar configuration
over the three bilateral muscle sites with an interelectrode
distance of 25 mm. Skin preparation included shaving excess
448 Journal of Strength and Conditioning Research
the TM
Electromyography of Neck Exercises
hair and rubbing the skin with an alcohol solution to reduce
skin impedance magnitude. The three bilateral sites were:
sternocleidomastoid, approximately in line with C4; levator
scapulae/posterior scalenes, approximately midway between
the posterior border of sternocleidomastoid and anterior
border of upper trapezius; and cervical erector spinae, 2 cm
lateral of spinous process at C4. A reference electrode was
placed over the right medial clavicle. To minimize movement
artifact, an adhesive covering (Fixomull, Hamburg, Germany)
was placed over the paired electrodes.
A single 25-mm diameter retroreflective marker placed on
the apex of the head was tracked for 5 seconds by a five
camera opto-electronic Motion Analysis System (Motion
Analysis Company, Santa Rosa, CA) operating at 120 Hz.
Data were automatically digitized, and the three-dimensional
points were reconstructed. Vertical displacement of the
marker was used to divide each exercise into its concentric
and eccentric phases.
Data Processing
Both EMG and kinematic data were analyzed by a custom-
ized software program written in LabVIEW V6.1 (National
Instruments, Austin, TX). ECG contamination was noted in
a number of different EMGchannels, and this was removed as
recommended by Sommerich et al. (32). A notch filter was
also used to eliminate 50 Hz noise in all trials (12). Raw EMG
data were then demeaned; full-wave rectified, and low pass
filtered at 4 Hz using a dual-pass Butterworth fourth order
digital filter to create a linear envelope.
To generate kinematic data at the same time base as the
EMG data (i.e., 1000 Hz), a cubic spline was used. EMG data
were then divided into concentric and eccentric portions
TABLE 1. Reliability of muscle activation variables for women in the Thera-Band and Cybex exercise modalities.
Neck movement
Thera-Band
Green Blue Black
ICC %SEM ICC %SEM ICC %SEM
Extension Peak concentric activation 0.774 25.5 0.960 10.4 0.937 11.5
Peak eccentric activation 0.801 27.9 0.839 23.8 0.981 6.4
Average concentric activation 0.831 20.6 0.906 16.2 0.971 7.7
Average eccentric activation 0.816 26.1 0.898 17.9 0.986 5.5
Flexion Peak concentric activation 0.961 18.2 0.839 38.6 0.942 21.6
Peak eccentric activation 0.882 30.9 0.939 23.7 0.901 26.7
Average concentric activation 0.977 14.2 0.913 29.4 0.966 17.5
Average eccentric activation 0.905 27.9 0.949 22.0 0.921 24.2
Lateral bending Peak concentric activation 0.689 21.3 0.555 23.8 0.722 20.4
Peak eccentric activation 0.326 21.3 0.850 11.8 0.770 17.3
Average concentric activation 0.825 14.3 0.706 17.4 0.621 20.6
Average eccentric activation 0.460 19.2 0.854 12.0 0.781 16.9
Neck movement
Cybex
50% 70% 90%
ICC %SEM ICC %SEM ICC %SEM
Extension Peak concentric activation 0.876 10.2 0.938 6.6 0.969 5.7
Peak eccentric activation 0.815 12.4 0.911 12.1 0.951 7.3
Average concentric activation 0.890 9.5 0.916 8.1 0.898 12.3
Average eccentric activation 0.772 12.7 0.915 11.6 0.969 5.6
Flexion Peak concentric activation 0.929 11.2 0.613 13.6 0.609 19.2
Peak eccentric activation 0.826 21.9 0.850 23.0 0.780 24.1
Average concentric activation 0.919 12.4 0.771 10.5 0.894 11.4
Average eccentric activation 0.819 22.0 0.870 22.0 0.763 25.3
Lateral bending Peak concentric activation 0.909 11.0 0.886 11.0 0.937 9.7
Peak eccentric activation 0.607 27.6 0.906 10.7 0.727 25.5
Average concentric activation 0.950 8.2 0.849 9.6 0.909 12.7
Average eccentric activation 0.685 23.8 0.870 11.3 0.835 20.2
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according to the kinematic data. The subdivided EMG data
were then time normalized (0–100%) using cubic spline
interpolation. Only data collected from the agonistic muscles
for each contraction were used for analysis. For example, in
extension, activations collected from the posterior electrode
placements were used; in flexion, the anterolateral electrodes
were used; and in lateral bending, only the posterolateral
electrodes were used.
MVICs in all contraction directions were calculated as the
highest recorded activation over a 200-ms window. All data
were then expressed as percentages of the corresponding
MVIC. Four variables indicating muscle activation in each
condition (two training modalities, three exercise intensities,
and three contraction directions) were calculated. These four
variables were peak EMG activation over a 200-ms window
and the average EMG activation in both the concentric and
eccentric phases. The mean of two trials was taken to reduce
within-subject variability.
Statistical Analyses
First, within-trial variability of the dependent variables in this
study was assessed using two indices of reliability: the
intraclass correlation coefficient (ICC) and the relative error
ofmeasurement (%SEM) (26). ICC values were considered as
.0.75 = excellent reliability, 0.40–0.75 = fair/good reliability,
and,0.40 = poor reliability (30). Second, a two-way analysis
of variance (ANOVA) with one between-subject variable
(gender) and within-subject variable (modality/intensity)
was conducted. If there was no significant difference evident
for gender, subjects were pooled, and a one-way repeated-
measures ANOVA was conducted to determine differences
between exercise modality and intensity. In the event of
TABLE 2. Reliability of muscle activation variables for men in the Thera-Band and Cybex exercise modalities.
Neck movement
Thera-Band
Green Blue Black
ICC %SEM ICC %SEM ICC %SEM
Extension Peak concentric activation 0.741 15.5 0.901 7.4 0.874 12.1
Peak eccentric activation 0.973 5.8 0.742 20.7 0.934 8.9
Average concentric activation 0.858 12.4 0.949 7.8 0.950 7.8
Average eccentric activation 0.983 4.9 0.781 18.9 0.934 9.1
Flexion Peak concentric activation 0.783 38.1 0.916 24.6 0.677 31.1
Peak eccentric activation 0.861 21.1 0.818 27.9 0.812 36.6
Average concentric activation 0.667 29.1 0.898 16.5 0.717 30.5
Average eccentric activation 0.885 18.7 0.838 25.2 0.825 34.1
Lateral bending Peak concentric activation 0.569 26.3 0.352 39.4 0.275 44.5
Peak eccentric activation 0.694 30.7 0.824 24.5 0.499 57.2
Average concentric activation 0.582 23.5 0.593 26.6 0.217 35.5
Average eccentric activation 0.712 28.4 0.840 22.6 0.492 58.7
Neck movement
Cybex
50% 70% 90%
ICC %SEM ICC %SEM ICC %SEM
Extension Peak concentric activation 0.856 12.2 0.830 9.3 0.865 6.4
Peak eccentric activation 0.922 11.9 0.788 8.8 0.915 9.0
Average concentric activation 0.944 7.0 0.826 8.8 0.852 7.4
Average eccentric activation 0.899 13.7 0.802 13.1 0.928 8.5
Flexion Peak concentric activation 0.902 16.4 0.712 23.9 0.874 12.1
Peak eccentric activation 0.657 29.0 0.767 23.6 0.736 21.8
Average concentric activation 0.894 16.8 0.708 24.7 0.949 7.7
Average eccentric activation 0.659 28.5 0.746 23.4 0.835 16.8
Lateral bending Peak concentric activation 0.756 51.9 0.857 15.6 0.682 16.4
Peak eccentric activation 0.569 30.0 0.620 22.2 0.580 26.8
Average concentric activation 0.353 54.3 0.899 11.8 0.490 21.7
Average eccentric activation 0.492 31.8 0.684 20.6 0.526 28.1
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a significant F-ratio in either ANOVA, post hoc analyses were
conducted using least-squared differences pair-wise multiple
comparison tests. All statistical procedures were conducted
using SPSS v13.0 forWindowswith the level of significance
set at P # 0.05.
RESULTS
Four dependent variables that depicted exercise intensity
were examined in this study: peak and average EMG
activation in the concentric and eccentric portions of each
exercise. These variables were examined in flexion, extension,
and lateral bending for the two exercise modalities (Thera-
Band and Cybex).
Reliability values for all variables examined in this study are
detailed in Tables 1 and 2. Peak and average levels of neck
muscle activation elicited by both women and men during the
concentric and eccentric phases of the flexion and extension
contractions produced excellent reliability in most cases for
both the Thera-Band and Cybex modalities. Specifically, when
women and men were combined, 46 of the 48 variables (exten-
sion) and 37 of the 48 variables (flexion) showed excellent reli-
ability. However, for lateral bending contractions, there was
lower reliability of the dependent variables. When data for
women and men were pooled, only 19 of the 48 variables
showed excellent reliability. Hence, muscle activation data for
lateral bending exercises were not further examined in this study.
When dependent variableswere sub-grouped by gender, only
peak and average concentric contractions in flexion showed
significant differences between gender (P# 0.05) (Tables 3 and
4). Thus, statistical analyses performed on the dependent
variables in extension were only for gender-pooled data to
decrease the number of comparisons undertaken (Table 5).
Significant differences were found in flexion for peak
concentric activation (P , 0.001) and average concentric
activation (P , 0.001) when participants were grouped by
gender (Table 3). Further, peak eccentric activation (P ,
0.001) and average eccentric activation (P , 0.001) also
displayed significant differences when gender data were
TABLE 4. Muscle activation variables for the Thera-Band and Cybex training modalities (%MVIC) in eccentric flexion
(mixed genders).
Thera-Band Cybex P values
Green Blue Black 50% 70% 90% Between Within
Peak eccentric
activation 9.7 (9.2) 11.2 (10.2) 12.2* (11.3) 22.2† (10.6) 32.8‡ (17.8) 41.2‡§ (16.7) 0.384 ,0.001
Average eccentric
activation 9.1 (8.8) 10.3 (9.8) 11.2* (10.6) 20.9† (10.0) 30.4‡ (16.9) 38.9‡§ (17.2) 0.360 ,0.001
*Significantly different compared with Green T-B (P , 0.05).
†Significantly different compared with Black T-B (P , 0.05).
‡Significantly different compared with 50% Cybex (P , 0.05).
§Significantly different compared with 70% Cybex (P , 0.05).
TABLE 3. Muscle activation variables for the Thera-Band and Cybex training modalities (%MVIC) in concentric flexion
between sexes.
Thera-Band Cybex P values
Green Blue Black 50% 70% 90% Between Within
Peak
concentric
activation
Women 14.8 (13.9) 15.7 (14.9) 14.2 (12.8) 58.6* (24.9) 79.2† (21.6) 83.5† (27.3) 0.027 ,0.001
Men 5.4 (4.0) 6.4 (5.5) 6.9 (4.2) 37.6* (19.9) 49.9† (21.1) 65.4†‡ (22.4)
Average
concentric
activation
Women 11.2 (10.8) 11.7 (11.7) 11.6 (11.2) 55.5* (24.3) 73.7† (19.3) 73.9† (29.0) 0.045 ,0.001
Men 3.8 (1.8) 4.6 (2.4) 4.4 (2.3) 33.6* (17.4) 47.1† (20.6) 61.3†‡ (21.3)
*Significantly different compared with Black T-B (P , 0.05).
†Significantly different compared with 50% Cybex (P , 0.05).
‡Significantly different compared with 70% Cybex (P , 0.05).
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pooled (Table 4). Post hoc analysis of the concentric portion
of the contraction set revealed no significant difference in
exercise intensities among the different Thera-Band in-
tensities for both men and women. The Cybex modality,
however, displayed significant differences (P , 0.001) in
exercise intensity. Post hoc analysis of the eccentric portion
of the contraction revealed similar results, with the inclusion
of the Black T-B eliciting significantly greater muscle
activation compared with the Green T-B.
Table 5 presents EMG activation data for the exercise
modalities in extension. Significant differences were found for
peak concentric activation (P, 0.001), peak eccentric activa-
tion (P , 0.001), average concentric activation (P , 0.001),
and average eccentric activation (P, 0.001). As in the flexion
contractions, the Cybex intensities were found to be signifi-
cantly different from each other. Further, the Black T-B
showed significant differences in muscle activation levels when
compared with the Blue T-B in both peak and average con-
centric contractions. Muscle activation elicited during the Blue
T-B exercises was also significantly different from the Green
T-B, but only for peak and average eccentric contractions.
DISCUSSION
With increasing focus on evidence-based practice (28), the
quantification of muscle activation during common re-
habilitation exercises is an important area of research. This
study was designed to examine common neck training
modalities to determine their respective intensities of exercise.
In this study, only EMG activation of the prime movers was
examined; therefore, patterns of co-contraction and antago-
nistic contraction were not considered.
There were two hypotheses generated for this study. First,
there would be differences in neck muscle activation between
the Cybex and Thera-Band training modalities. Second, there
would be differences in neck muscle activation among the
relative intensities within the Cybex modality, but no
differences would exist among the various grades of Thera-
Band tubing. This study examined three directions of
contraction (flexion, extension, and lateral bending) by
investigating peak and average EMG activations in the
concentric and eccentric phases of exercise. Because of the
inadequate reliability of the lateral bending data, these
contractions were not examined any further.
Typically, there was little difference in EMG activation
among the differing grades of Thera-Band examined in this
study, and there were clear differences evident among the
three Cybex intensities. The most marked significant differ-
ence, however, was between the highest intensity of Thera-
Band exercise (theBlackT-B) and the lowest intensity of Cybex
exercise (50% Cybex) for all muscle activation variables.
At first examination, it would seem logical that there would
be differences in muscle activation between genders, espe-
cially for the absolute intensities of Thera-Band; however, the
only differences evident were for concentric flexion exercises.
This may have been because all muscle activation data were
normalized toMVIC; therefore, data were actually adjusted to
maximal strength levels.
Peak EMG activation for the Thera-Band modality never
exceeded 35% MVIC (Black T-B in extension), which
indicates that the exercises utilizing the Thera-Band may
be most suitable for patients rehabilitating from neck injury
(13). Alternatively, the exercises utilizing the Cybex modality
recorded peak EMG activity up to 95.8% MVIC (90% Cybex
in extension), indicating that this exercise may be harmful for
individuals post injury but may be useful as a preventative
measure for asymptomatic individuals. However, including
such a modality/intensity into a specific neck-conditioning
program should be done with care, as stresses placed on the
TABLE 5. Muscle activation variables for the Thera-Band and Cybex training modalities (%MVIC) in extension (mixed
genders).*†‡§k
Thera-Band Cybex P-values
Green Blue Black 50% 70% 90% Between Within
Peak concentric
activation 32.0 (12.9) 30.0 (13.1) 34.8† (15.3) 62.6‡ (18.6) 78.2§ (18.8) 95.8§k (21.2) 0.461 ,0.001
Peak eccentric
activation 21.2 (11.1) 24.5* (12.8) 24.6* (10.4) 43.0‡ (15.4) 56.7§ (19.8) 68.8§k (19.9) 0.960 ,0.001
Average concentric
activation 26.9 (11.0) 26.5 (12.7) 29.3† (12.8) 55.2‡ (15.9) 70.9§ (16.9) 84.4§k (22.0) 0.669 ,0.001
Average eccentric
activation 20.2 (10.5) 23.1* (11.6) 23.6* (10.0) 40.6‡ (14.4) 54.1§ (18.9) 65.5§k (19.1) 0.961 ,0.001
*Significantly different compared with Green T-B (P , 0.05).
†Significantly different compared with Blue T-B (P , 0.05).
‡Significantly different compared with Black T-B (P , 0.05).
§Significantly different compared with 50% Cybex (P , 0.05).
kSignificantly different compared with 70% Cybex (P , 0.05).
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passive structures of the cervical spine (bone, intervertebral
discs, and ligaments) are unknown when such loads are
applied.
A study by Patterson et al. (24) can help to explain the lack
of significant difference among intensities found for the
Thera-Band modality in this study. Patterson and coworkers
found that, at 50% strain, there was less than 10 N difference
in tensile force among the green, blue, and black Thera-
Bands. Furthermore, at 100% strain, there was only 15 N
difference among the three grades of tubing. Considering
the known EMG-force relationship, it is not surprising that
the EMG activation data did not differ among intensities
as the stretched length of the Thera-Band in this study
resulted in a strain of approximately 50% at the end of the
concentric portion of each exercise.
When planning exercise programs, whether for elite
athletes or rehabilitation patients, the principles for period-
izing programs are the same. Volume and intensity of exercise
should be progressively overloaded, and rest periods must be
interspersed for the regeneration of the musculature for
optimal progression (17). Periodization of exercise programs
is common in the elite athletic population, for which
optimization of training time is paramount. However, in
the rehabilitation industry, training programs are typically
not based on well-examined training variables, which may
hinder rapid progression of patients. An examination of the
volume (duration and frequency) of exercise is a relatively
straightforward matter; however, quantifying differences in
intensity is more difficult. In this study, we examined two
training modalities and intensities: Thera-Band at three
absolute intensities (green, blue, and black) and Cybex at
three relative intensities (50%, 70%, and 90% of 3RM). It is
difficult to assess the exact increase in intensity within
a training modality (differing loads for the same training
modality), and it is particularly difficult to assess variations in
intensity when changing training modalities.
This study showed a large difference between the BlackT-B
and 50% Cybex for the four variables that represented EMG
activation. This is a typical example of how a potential
mistake could be made when programming exercise for the
injured patient, as sudden increases in intensity may be
caused. The solution to providing amore adequate increase in
intensity when changing modality may be considered in two
ways. First, the resting length of the Thera-Band may be
increased before the contraction (i.e., the resting strain is
increased; therefore, the resistance is increased). Second, the
relative intensity on the Cybex machine may be decreased
from 50% of 3RM.
Few studies have quantified neck muscle activation while
performing neck muscle conditioning exercises. Most studies
have focused on the outcomes of training interventions or the
strength imbalances of the neck. In a neck training study,
Burnett et al. (6) reported that using the Multi Cervical Unit
(an isotonic training device) to train subjects during a 10-
week period elicited larger, but nonsignificant, strength gains
compared with Thera-Band training. The results of their
study can be explained by the results of the current study, as
exercises utilizing the Thera-Band showed significantly lower
EMG activations than exercises using the Cybex, which
would explain the lower training effect experienced by the
subjects using the Thera-Band in the study by Burnett and
associates. A limitation of that study is the fact that none of
the exercise intensities had been previously examined,
therefore decreasing the chance of achieving a significant
increase in neck strength.
PRACTICAL APPLICATIONS
The results of this study revealed that the differing grades of
Thera-Band did not produce statistically different increases in
muscle activation compared with one another. However, all
three intensities of the Cybex displayed significant differences
in muscle activation in most cases. Furthermore, the Cybex
modality showed significantly greater amount of muscle
activation when compared with all grades of Thera-Band.
Specifically, there was a large difference in EMG activation
between the Black T-B and 50% Cybex conditions. This may
mean that an intensity of Cybex exercise lower than 50% of
3RM should be used to ‘‘bridge the gap’’ in intensity between
these two modalities.
Results from this study have shown that the use of Thera-
Band results in low-level EMG activation and may be a useful
mode of exercise in rehabilitation programs. Alternatively, the
varying degrees of intensity for the Cybex training modality
resulted in significantly higher EMGactivations and therefore
may not be suitable for use in symptomatic individuals. It is
suggested that these types of exercises be used on asymp-
tomatic individuals, but this would need to be done with care
as mechanical loads on the passive structures of the cervical
spine remain unknown in these exercises. Prehabilitation of
the neck musculature using the Cybex training modality may
be helpful in preventing neck injuries such as those found
in occupations with a high risk of neck injury, such as
computer and sewingmachine operation, dentistry, and high-
performance combat pilots.
REFERENCES
1. Alricsson, M, Harms-Ringdahl, K, Larsson, B, Linder, J, and
Werner, S. Neck muscle strength and endurance in fighter pilots:
effects of a supervised training program. Aviat Space Environ Med
75: 23–28, 2004.
2. Ariens, GA, Bongers, PM, Douwes, M, Miedema, MC,
Hoogendoorn, WE, Van Der Wal, W, Bouter, LM, and
Van Mechelen, W. Are neck flexion, neck rotation, and sitting
at work risk factors for neck pain? Results of a prospective cohort
study. Occup Environ Med 58: 200–207, 2001.
3. Berg, HE, Berggren, G, and Tesch, PA. Dynamic neck strength
training effect on pain and function. Arch Phys Med Rehabil 75:
661–665, 1994.
4. Bot, S, Van Der Waal, J, Terwee, C, Van Der Windt, D, Schellevis, F,
Bouter, L, and Dekker, J. Incidence and prevalence of complaints of
the neck and upper extremity in general practice. Ann Rheum Dis
64: 118–123, 2005.
VOLUME 22 | NUMBER 2 | MARCH 2008 | 453
Journal of Strength and Conditioning Research
the TM
| www.nsca-jscr.org
5. Burnett, AF, Naumann, FL, and Burton, EJ. Flight training effect on
the cervical muscle isometric strength of trainee pilots. Aviat Space
Environ Med 75: 611–615, 2004.
6. Burnett, A, Naumann, F, Price, R, and Sanders, R. A comparison of
training methods to increase neck muscle strength. Work 25:
205–210, 2005.
7. Conley, MS, Stone, MH, Nimmons, M, and Dudley, GA. Specificity
of resistance training responses in neck muscle size and strength.
Eur J Appl Physiol Occup Physiol 75: 443–448, 1997.
8. Cote, P, Cassidy, J, Carroll, L, and Kristman, V. The annual
incidence and course of neck pain in the general population:
a population-based cohort study. Pain 112: 267–273, 2004.
9. Garfinkel, S and Cafarelli, E. Relative changes in maximal force,
EMG, and muscle cross-sectional area after isometric training. Med
Sci Sports Exerc 24: 1220–1227, 1992.
10. Hagberg, M. Occupational musculoskeletal stress and disorders of
the neck and shoulder: a review of possible pathophysiology. Int
Arch Occup Environ Health 53: 269–278, 1984.
11. Hamalainen, O and Vanharanta, H. Effect of Gz forces and head
movements on cervical erector spinae muscle strain. Aviat Space
Environ Med 63: 709–716, 1992.
12. Hermens, HJ, Freriks, B, Stegeman, D, Blok, J, Rau, G,
Disselhorst-Klug, C, and Hagg G. SEN IAM: European
Recommendations for Surface Electromyography. Enschede,
The Netherlands: Roessingh Research and Development, 1999.
pp. 57–68.
13. Hintermeister, RA, Lange, GW, Schultheis, JM, Bey, MJ, and
Hawkins, RJ. Electromyographic activity and applied load during
shoulder rehabilitation exercises using elastic resistance. Am J Sports
Med 26: 210–220, 1998.
14. Jones, KW, Sims, JR, Prebish, AM, Cornelius, JD, Kramme, ML, and
Mornieault, TL. Predicting forces applied by Thera-Band during
resistive exercises. J Orthop Sports Phys Ther 27: 65, 1998.
15. Kamibayashi, LK, and Richmond, FJ. Morphometry of human neck
muscles. Spine 23: 1314–1323, 1998.
16. Kellis, E and Baltzopoulos, V. Muscle activation differences between
eccentric and concentric isokinetic exercise. Med Sci Sports Exerc
30: 1616–1623, 1998.
17. Kibler, WB and Chandler, TJ. Sport-specific conditioning. Am J
Sports Med 22: 424–432, 1994.
18. Kumar, S, Narayan, Y, and Amell, T. Cervical strength of young
adults in sagittal, coronal, and intermediate planes. Clin Biomech 16:
380–388, 2001.
19. Landis, J, Keselman, I, and Murphy, CN. Comparison of
electromyographic (EMG) activity of selected forearm muscles
during low grade resistance therapeutic exercises in individuals
diagnosed with lateral epicondylitis. Work 24: 85–91, 2005.
20. Leggett, SH, Graves, JE, Pollock, ML, Shank, M, Carpenter, DM,
Holmes, B, and Fulton, M. Quantitative assessment and training of
isometric cervical extension strength. Am J Sports Med 19: 653–659,
1991.
21. Masumoto, K, Takasugi, S, Hotta, N, Fujishima, K, and Iwamoto, Y.
Electromyographic analysis of walking in water in healthy humans.
J Physiol Anthropol Appl Hum Sci 23: 119–127, 2004.
22. Matheson, JW, Kernozek, TW, Fater, DC, and Davies, GJ.
Electromyographic activity and applied load during seated
quadriceps exercises. Med Sci Sports Exerc 33: 1713–1725,
2001.
23. Maud, PJ and Foster, C. Physiological Assessment of Human Fitness.
Champaign: Human Kinetics Publishers, 1995.
24. Patterson, RM, Stegink Jansen, CW, Hogan, HA, and Nassif, MD.
Material properties of Thera-Band tubing. Phys Ther 81: 1437–1445,
2001.
25. Peolsson, A, Oberg, B, and Hedlund, R. Intra- and inter-tester
reliability and reference values for isometric neck strength. Physiother
Res Int 6: 15–26, 2001.
26. Portney, LG and Watkins, MP. Foundations of Clinical Research:
Applications to Practice (2nd ed.). Upper Saddle River, NJ: Prentice
Hall, 2000. pp. 560–567.
27. Rankin, G, Stokes, M, and Newham, DJ. Size and shape of the
posterior neck muscles measured by ultrasound imaging: normal
values in males and females of different ages. Man Ther 10: 108–115,
2005.
28. Sarig-Bahat, H. Evidence for exercise therapy in mechanical neck
disorders. Man Ther 8: 10–20, 2003.
29. Seng, KY, Lee, VS, and Lam, PM. Neck muscle strength across the
sagittal and coronal planes: an isometric study. Clin Biomech 17:
545–547, 2002.
30. Shrout, PE and Fleiss, JL. Intra-class correlations: uses in assessing
rater reliability. Psych Bull 86: 420–428, 1979.
31. Simoneau, GG, Bereda, SM, Sobush, DC, and Starsky, AJ.
Biomechanics of elastic resistance in therapeutic exercise programs.
J Orthop Sports Phys Ther 31:16–24, 2001.
32. Sommerich, CM, Joines, SM, Hermans, V, and Moon, SD. Use of
surface electromyography to estimate neck muscle activity.
J Electromyogr Kinesiol 10: 377–398, 2000.
33. Sternlicht, E, Rugg, SG, Bernstein, MD, and Armstrong, SD.
Electromyographical analysis and comparison of selected
abdominal training devices with a traditional crunch. J Strength
Cond Res 19: 157–162, 2005.
34. Thomas, M, Muller, T, and Busse, MW. Quantification of tension in
Thera-Band and Cando tubing at different strains and starting
lengths. J Sports Med Phys Fitness 45: 188–198, 2005.
35. Valkeinen, H, Ylinen, J, Malkia, E, Alen, M, and Ha¨kkinen, K.
Maximal force, force/time and activation/coactivation character-
istics of the neck muscles in extension and flexion in healthy
men and women at different ages. Eur J Appl Physiol 88: 247–254,
2002.
36. Vasavada, AN, Li, S, and Delp, SL. Influence of muscle morphometry
and moment arms on the moment-generating capacity of human
neck muscles. Spine 23: 412–422, 1998.
37. Vasavada, AN, Li, S, and Delp, SL. Three-dimensional isometric
strength of neck muscles in humans. Spine 26: 1904–1909, 2001.
38. Ylinen, J, Takala, EP, Nykanen, M, Ha¨kkinen, A, Malkia, E,
Pohjolainen, T, Karppi, SL, Kautiainen, H, and Airaksinen, O.
Active neck muscle training in the treatment of chronic neck pain
in women: a randomized controlled trial. JAMA 289:
2509–2516, 2003.
39. Ylinen, J, Salo, P, Nykanen, M, Kautiainen, H, and Ha¨kkinen, A.
Decreased isometric neck strength in women with chronic neck pain
and the repeatability of neck strength measurements. Arch Phys Med
Rehabil 85: 1303–1308, 2004.
454 Journal of Strength and Conditioning Research
the TM
Electromyography of Neck Exercises
